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Purpose: Dexmedetomidine (DEX) and esketamine (ESK) are often used together during anesthesia. This study aimed to establish 
a sensitive and reliable HPLC-MS/MS method for simultaneous quantification of ESK and its active metabolite norketamine (NORK) 
in beagle dog plasma and to investigate the pharmacokinetic drug-drug interactions (DDIs) between DEX and ESK/NORK.
Methods: A simple protein precipitation method using acetonitrile was applied for plasma sample preparation. After chromatographic 
separation, analytes were detected by HPLC-MS/MS in positive ion mode using multiple reaction monitoring (MRM). The mass 
transitions were m/z 238.10→125.10 for ESK, m/z 224.10→125.10 for NORK, and m/z 354.20→209.00 for the internal standard 
(proadifen). Six beagle dogs were intramuscularly administered 1 mg/kg ESK alone in the first period (ESK group). After a washout, 
the same dogs received intravenous DEX (2 µg/kg) for 7 consecutive days, followed by co-administration of ESK (DEX+ESK group). 
The pharmacokinetic parameters of ESK and NORK were calculated using DAS software. Independent-sample t test was used to 
compare the differences of pharmacokinetic parameters between ESK group and DEX+ESK group, and P < 0.05 indicated 
a statistically significant difference.
Results: Both ESK and NORK exhibited good linearity within the concentration range of 1–400 ng/mL, and the methodological 
validation met the requirements. When ESK was used in combination with DEX, the main pharmacokinetic parameters of ESK and 
NORK changed, the Cmax, AUC(0–24) and AUC(0-∞) of ESK increased, the Cmax, of NORK decreased, and the AUC(0–12) and AUC(0-∞) 

of NORK increased too.
Conclusion: A novel HPLC-MS/MS method was developed and validated and successfully applied to simultaneously quantify ESK 
and NORK in beagle dog plasma. The pharmacokinetic DDI results indicate that DEX could inhibit the metabolism of ESK, alter 
pharmacokinetic characteristics of ESK and its metabolite NORK, and significantly increase the systemic exposure of both ESK and 
NORK.
Keywords: dexmedetomidine, esketamine, norketamine, pharmacokinetics, drug-drug interactions, beagle dog

Introduction
Polypharmacy is a promising approach for treating diseases with complex symptoms. However, polypharmacy may lead 
to unforeseen drug-drug interactions (DDIs), potentially compromising therapeutic efficacy and triggering adverse drug 
reactions (ADRs).1 DDIs represent a significant concern for clinical care and public health, but the health consequences 
of many DDIs remain largely underexplored. This knowledge gap underscores the critical need for pharmacoepidemio
logic research to evaluate real-world health outcomes of DDIs.2
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The highly selective α2-adrenoceptor agonist dexmedetomidine (DEX) is a commonly used sedative drug for patients 
undergoing anesthesia and intensive care treatment.3 DEX is increasingly being used in surgical patients requiring 
general anesthesia. Administration of DEX during surgery may significantly improve postoperative recovery quality and 
chronic pain.4 DEX has a potent neuroprotective effect, including protecting the blood-brain barrier, reducing neuronal 
death, maintaining hemodynamic stability, and reducing postoperative agitation and cognitive dysfunction.5 Meanwhile, 
DEX possesses anti-inflammatory properties that can counteract the pro-inflammatory mechanisms triggered by surgical 
injury, and simulate natural sleep pathways, thereby reducing the need for opioid medication and promoting the 
preservation of cognitive function.6 Additionally, dexmedetomidine may play a promising and beneficial role in the 
treatment of cardiovascular disease.7 DEX is a widely used sedative in clinic, after intravenous administration of DEX, it 
quickly distributes and is mainly metabolized by cytochrome P450 2A6 (CYP2A6).8

Esketamine (ESK, Figure 1a) is (S)-(+)-ketamine or (S)-ketamine, which was approved by the Food and Drug 
Administration and European Medicines Agency in 2019 for patients with treatment-resistant depression, and ESK is the 
only glutamatergic neuromodulator approved for enhancing the efficacy of selective serotonin reuptake inhibitors 
(SSRIs) or serotonin-norepinephrine reuptake inhibitors (SNRIs).9,10 Globally, the use of ESK is increasing, as it is 
speculated that its S-(+)-enantiomer has an anesthetic and analgesic effect that is four times stronger than that of the R(-)- 
enantiomer, and approximately twice as strong as the racemic mixture of ketamine.11 ESK have anesthetic and analgesic 
properties. During the anesthesia period of liposuction surgery, the use of subanesthetic doses of ESK (0.15–0.3 mg/kg/h) 
as an adjuvant drug can enhance the sedative and analgesic effects of DEX and remifentanil.12 Intravenous administration 
of a single dose of ESK (0.25 mg/kg) before anesthesia induction can reduce the incidence of delirium in relatively 
young patients (ASA class II or III) undergoing cardiac surgery with cardiopulmonary bypass.13 Among children 
undergoing tonsillectomy and/or adenoidectomy under sevoflurane anesthesia, intranasal DEX-ESK pretreatment can 
more effectively reduce emergence delirium compared to ESK alone.14 Among elderly patients aged 65 and above 
undergoing hip fracture surgery, the adjunctive use of ESK in patient-controlled intravenous analgesia can improve 
depressive symptoms and elevate the levels of brain-derived neurotrophic factor and serotonin in the blood.15 ESK 
undergoes oxidative metabolism, mainly to norketamine (NORK, Figure 1b) by cytochrome P450 (CYP) 3A4, CYP2B6 
and CYP2C9 enzymes.11,16

DEX and ESK are commonly used anesthetic adjuvants and can be used simultaneously in clinical practice.12,14 The 
use of intravenous ESK as an adjuvant in general anesthesia may represent a potentially beneficial strategy for reducing 
susceptibility to postnatal depression, with potential benefits for preventing postoperative depression and postoperative 
cognitive dysfunction.17 Compared to the opioid-based anesthesia with propofol-remifentanil, the opioid-free anesthesia 
with ESK-DEX proved to be feasible for shoulder arthroscopy, resulting in a reduced incidence of postoperative nausea 
and vomiting postoperative nausea and vomiting and a shorter duration of stay in the post-anesthesia care unit.18

DEX is often co administered with ESK in animals and humans, so drug interactions are likely to occur and must be 
characterized.19 Because both DEX and ESK are metabolized by CYP450 enzymes and DEX is an inhibitor of 
CYP3A4,19 a pharmacokinetic DDI is likely when they are co-administered. In the current study, a sensitive HPLC- 

Figure 1 The chemical structure diagram of ESK (a), NORK (b) and IS (c).
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MS/MS method was first developed for the simultaneous determination of ESK and NORK in beagle plasma, using 
proadifen as an internal standard (IS, Figure 1c). Then, the impact of DEX on the pharmacokinetics of ESK and NORK 
in beagle dogs was investigated.

Materials and Methods
Chemicals and Reagents
ESK (purity > 98%), NORK (purity > 98%) and proadifen (SFK-525A, purity > 98%, IS) were provided by Henan 
Yicheng Judicial Appraisal Center (Zhengzhou China). Methanol and acetonitrile produced by Kewell Chem LLC were 
HPLC grade and also met American Chemical Society Specifications (ACS specifications). Formic acid was procured 
from Sigma-Aldrich. ESK hydrochloride injection was purchased from Yangtze River Pharmaceutical Group Co., Ltd. 
DEX hydrochloride injection was purchased from Hunan Kelun Pharmaceutical Co., Ltd.

Instrumentation and Conditions
The HPLC instrument was Shimadzu LC-20 series, including LC-20AD pump, DGU-20A3r online deaerator, SIL-20A 
automatic sampler, CBM-20A signal receiver and Shimadzu chemistry workstation. The mass spectrometry was 
Shimadzu LCMS-8045 triple quadrupole mass spectrometer.

ESK, NORK, and IS were separated on a Shimadzu VP-ODS C18 chromatographic column (4.6 × 150 mm, 5 μm) 
with a mobile phase consisting of 0.1% formic acid (40%) and methanol (60%), at a column temperature of 30°C and 
a flow rate of 0.3 mL/min. Under positive ion conditions of electrospray ionization (ESI) source, the Multiple reaction 
monitoring (MRM) conditions of ESK, NORK and IS were shown in Table 1. The flow rate of atomizing gas was 3.0 L/ 
min, the heating gas flow rate and drying gas flow rate were both 10.0 L/min. Labsolutions LCMS Workstation Software 
completed data collection and control.

Solutions Preparation
By accurately weighing 10 mg of ESK into a 10 mL volumetric flask, dissolving it with methanol, and diluting to 
volume, 1 mg/mL ESK stock solution was obtained. Using the same method, the stock solutions for NORK and IS were 
prepared. Then 100 μg/mL, 10 μg/mL and 1 μg/mL standard application solution of ESK and NORK were obtained 
through gradient dilution of the stock solution sequentially. Calibration curve solutions and quality control (QC) solutions 
were obtained by adding working solutions of different concentrations and volumes to different plasma samples. The 
final concentrations of ESK and NORK calibration curves were 1, 5, 10, 20, 50, 100, 200, and 400 ng/mL. The low QC, 
medium QC, and high QC concentrations of ESK and NORK were 2, 80, and 320 ng/mL, respectively. A certain amount 
of 1 mg/mL proadifen IS solution was diluted with acetonitrile to prepare a 20 ng/mL IS working solution. The stock 
solutions and application solutions of ESK, NORK, and IS were stored in a refrigerator at 4°C. The plasma standard 
solutions (standard curve samples and QC samples) were frozen and stored at −20°C.

Sample Preparation
The method of acetonitrile precipitation of plasma protein was been applied to the extraction of plasma drug. The frozen 
samples to be tested were thawed at room temperature before detection. Accurately pipette 100 μL of plasma into 
a 1.5 mL EP tube, add 250 μL of internal standard working solution (concentration of 20 ng/mL, acetonitrile solution) 

Table 1 MS Parameters of ESK, NORK and IS

Analytes Formula Weight ESI Source Quantitative Ion (m/z) Qualitative Ion (m/z)

ESK 237.73 + 238.10>125.10 238.10>220.10

NORK 223.66 + 224.10>125.10 224.10>179.10
IS 179.26 + 354.20>209.00 354.20>105.00

Note: + indicates that this study ionizes and detects drug samples in positive ion mode.
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and vortex for 15 seconds. Centrifuge the mixture at 10,000 r/min for 15 minutes, transfer the supernatant to a sample 
vial, and inject 2 μL of the supernatant.

Method Validation
According with the guidelines for validation of quantitative analysis methods for biological samples in the Chinese 
Pharmacopoeia (2020 Edition),20 the HPLC-MS/MS method was validated including the specificity, calibration curve, 
lower limit of quantitation (LLOQ), precision and accuracy, recovery, matrix effect (ME) and stability.

Selectivity
Blank plasma from 6 beagle dogs was used to demonstrate selectivity. The response of acceptable interference 
components should be below 20% of the LLOQ response of ESK and NORK, and below 5% of the IS response.

Calibration Curves and LLOQ
A series of concentrations (1, 5, 10, 20, 50, 100, 200 and 400 ng/mL) of ESK and NORK plasma standard samples were 
prepared and processed according to the plasma sample processing method, then detected. The peak areas of ESK or 
NORK and the peak area of the IS were recorded as As and Ai, respectively. The calibration curve was plotted with the 
ordinate (y, the ratio of As/Ai) and the abscissa (x, the concentration of ESK or NORK). The lowest concentration of the 
calibration curve of ESK or NORK was defined as the LLOQ.

Accuracy and Precision
The accuracy and precision were assessed by the determination of QC samples (2, 80 and 320 ng/mL) in six replicates. 
On the same day, the intra-day precision (RSD%) and accuracy (%) were calculated, and the inter-day precision (RSD%) 
and accuracy (%) were calculated by continuous measurement within 3 days.

Recovery and Matrix Effects
The QC samples (2, 80 and 320 ng/mL) were prepared. The recoveries were calculated by comparing the peak area of the 
conventional pretreated QC sample with the peak area after extraction of the corresponding concentration of blank 
plasma (after extraction). The matrix effects should be obtained by calculating the ratio of peak area in the presence of 
matrix to the corresponding peak area in the absence of matrix.

Stability
Stability tests were conducted under four different storage conditions at three quality control levels (2, 80, and 320 ng/ 
mL): 12 hours at room temperature, 4 weeks at −20°C, and after three freeze-thaw cycles (−20 to 25°C), the processed 
samples left for 12 hours.

Animals
Six beagle dogs weighing 8–10 kg with animal production license number SCXK (Hubei) 2021–002 were purchased 
from Hubei Yizhicheng Biotechnology Co., Ltd. The experiment obtained the necessary approval from the Animal 
Laboratory of Henan University of Science and Technology (202407003). The experiment was approved according to the 
Laboratory animals-guidelines for ethical review of welfare (GB/T 35892–2018).

DDI Study
Before the test, the six beagle dogs had free access to water but were fasted for 12 h. Blood samples (0.5 mL) were 
collected into heparinized tubes before administration and 0.125, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12 and 24 h after 
intramuscular injection of 1.0 mg/kg ESK (ESK group). The plasma was separated after centrifugation at 3000 rpm for 
10 min and stored at −20°C until it was detected.

After one week, the same six beagle dogs were injected intravenously slowly with 2 µg/kg DEX, continuous injection 
for 7 days. On the seventh day, 0.5 hour after intravenous injection of DEX, the six beagle dogs were given by 
intramuscular injection with ESK 1.0 mg/kg. Blood samples (0.5 mL) were collected into heparinized tubes before 
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administration and 0.125, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12 and 24 h after injection of ESK (DEX + ESK group). The 
plasma was also separated after centrifugation at 3000 rpm for 10 min and stored at −20°C until it was detected.

The above-developed HPLC-MS/MS method was used to simultaneously detect ESK and NORK in beagle dog 
plasma. Samples with drug concentrations exceeding the upper limit of the standard curve shall be diluted with blank 
matrix, reprocessed, and tested, and the results shall be multiplied by the dilution factor. The pharmacokinetic parameters 
of ESK and NORK were calculated using Drug And Statistics software (DAS version 2.0) with statistical moment, 
including Cmax,Tamx, t1/2, Vd, Cl, AUC. The calculation process of pharmacokinetic parameters was as follows: Open the 
DAS software, select the batch data analysis of the pharmacokinetic module, choose non intravenous administration 
method, enter the plasma drug concentration at the corresponding time point, and click run.

Independent-sample t test was used to compare the differences of pharmacokinetic parameters between ESK group 
and DEX + ESK group, and P < 0.05 indicated a statistically significant difference.

Results
Results of MS
The molecular weights of ESK, NORK, and IS are 237.73, 223.66, and 353.50, respectively. Under ESI positive ion 
conditions, the parent particles obtained through protonation are 238.10, 224.15 and 354.20, respectively. The character
istic daughter ions of ESK are 221.10 and 125.10, the characteristic daughter ions of NORK are 179.10 and 125.10, and 
the characteristic daughter ions of IS are 209.00 and 105.00. The characteristic daughter ion fragments of ESK, NORK, 
and IS were shown in Figure 2. In ESI+ mode, the analytes were ionized by protonation and detected by MRM, and the 
MS qualitative diagrams were shown in Figure 3.

Figure 2 The characteristic daughter ion fragments of esketamine (a), norketamine (b), and IS (c).
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Results of Method Validation
Specificity
ESK, NORK and IS were well separated from endogenous substances under the above experimental conditions. 
Representative chromatograms of a blank plasma sample spiked with IS (A), a blank plasma sample spiked with ESK, 
NORK and IS (B), and a beagle sample after administration (C) were shown in Figure 4. The retention times of ESK, 
NORK and IS were 3.896, 3.896 and 4.428 min, respectively.

Linearity
The regression equations, correlation coefficients (R2), and linear ranges of ESK and NORK were shown in Table 2. 
Within the range of 1–400 ng/mL, both ESK and NORK exhibited good linearity, with LLOQ values of 1.00ng/mL for 
both ESK and NORK.

Precision and Accuracy
Table 3 showed the results of intra-day and inter-day precision and accuracy for ESK and NORK. In QC samples (2, 80, 
and 320 ng/mL), the precision (RSD%) of ESK and NORK did not exceed 8.13%, and the accuracy ranged from 96.83% 
to 103.25%.

Recovery and ME
The extraction recovery rates of QC samples of ESK (2, 80 and 320 ng/mL) were all higher than 80.81%, and the ME 
ranged from 101.50% to 103.80%. The extraction recovery rates of QC samples of NORK (2, 80 and 320 ng/mL) were 
all higher than 80.16%, and the ME ranged from 97.49% to 102.77%.

Stability
The stability of ESK and NORK in beagle plasma was evaluated under the four different conditions mentioned above. 
The stability test results were shown in Table 4. From the results, it could be seen that ESK and NORK were stable under 
four experimental conditions.

Figure 3 MS qualitative diagram of esketamine, norketamine and IS. (a)-blank plasma+IS, (b)-blank plasma + ESK, NORK and IS, (c)- beagle dog plasma sample.
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Results of the Effect of DEX on ESK and NORK
The ESK plasma concentration time curves of the ESK group and the DEX+ESK group were shown in Figure 5, and the 
NORK plasma concentration time curves of the ESK group and the DEX+ESK group were shown in Figure 6. The main 

Figure 4 Typical MS chromatogram of ESK, NORK and IS. (a) Blank plasma + IS, (b) blank plasma + ESK (100 ng/mL), NORK (100 ng/mL) and IS, (c) a beagle dog sample 
after administration.

Table 2 The Regression Equation, Linear Ranges, R2 and LLOQ of ESK and NORK

Analytes Regression Equation Linear Ranges (ng/mL) R2 LLOQ (ng/mL)

ESK y = 0.0281 x - 0.0108 1–400 0.999 7 1

NORK y = 0.0174 x + 0.0419 1–400 0.999 6 1
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pharmacokinetic parameters of ESK and NORK were calculated using the DAS 2.0 program, as shown in Tables 5 and 6, 
respectively.

The results showed that the Cmax, AUC(0-t), and AUC (0- ∞) of ESK in the DEX+ESK group were 53.66%, 117.38%, 
and 114.70% higher than those in the ESK group, respectively. The t1/2 was slightly prolonged, Vz/F increased, and CLz/ 
F decreased accordingly. Meanwhile, the Cmax of NORK in the DEX+ESK group was 12.75% lower than that in the ESK 

Table 3 Precision and Accuracy of ESK and NORK in Beagle Dog Plasma (n = 
6, Mean ± SD)

Analytes Spiked 
(ng/mL)

Intra-Day Inter-Day

RSD (%) Accuracy (%) RSD (%) Accuracy (%)

ESK 1 6.76 96.83 8.13 99.56
2 5.94 102.67 6.19 101.47

80 2.94 103.25 4.97 101.04
320 2.13 98.88 2.54 99.71

NORK 1 8.21 98.67 8.28 97.72
2 5.79 102.33 5.70 102.81

80 4.65 97.49 4.96 101.47

320 2.26 102.77 3.24 99.58

Figure 5 Mean drug concentration-time curves of ESK in ESK group and DEX+ESK group after intramuscular injection of 1.0 mg/kg ESK to six beagle dogs.

Table 4 The Stability of ESK and NORK in Beagle Plasma (n = 6, Mean ± SD)

Analytes Spiked 
(ng/mL)

Room Temperature, 12 h Autosampler 4 °C, 12 h Three Freeze-Thaw −20°C, 4 Weeks

RSD (%) Accuracy (%) RSD (%) Accuracy (%) RSD (%) Accuracy (%) RSD (%) Accuracy (%)

ESK 2 3.04 95.17 3.74 104.08 3.91 97.42 4.77 97.42
80 2.48 103.38 3.44 96.35 3.37 103.59 3.49 96.02

320 2.70 101.03 1.77 98.49 1.24 101.54 1.72 98.14

NORK 2 5.81 97.58 4.66 101.83 6.24 98.25 4.15 98.67

80 4.28 98.84 3.84 97.79 3.36 102.68 3.41 101.45

320 1.22 102.85 2.36 98.97 2.35 101.09 2.94 98.82
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group, but the AUC(0-t) and AUC(0- ∞) of NORK in the DEX+ESK group were 45.27% and 43.17% higher than those in 
the ESK group, respectively. The t1/2 was prolonged from 2.38 hours to 3.44 hours, and Vz/F and CLz/F were 
correspondingly reduced. DEX might affect the pharmacokinetics of ESK and NORK in beagle dogs, and inhibit the 
metabolism of ESK in beagle dogs and increase the exposure of ESK and NORK.

Figure 6 Mean drug concentration-time curves of NORK in ESK group and DEX+ESK group after intramuscular injection of 1.0 mg/kg ESK to six beagle dogs.

Table 5 Pharmacokinetic Parameters of ESK in ESK 
Group and DEX+ESK Group After Intramuscular 
Injection of 1.0 mg/kg ESK (n = 6, Mean ± SD)

Parameters ESK Group DEX+ESK Group

Cmax (ng/mL) 249.22 ± 28.25 382.96 ± 63.02**

Tmax (h) 0.27 ± 0.12 0.38 ± 0.14
t1/2 (h) 2.84 ± 0.93 3.05 ± 1.27

CLz/F (L/h/kg) 3.54 ± 0.54 1.69 ± 0.39**

Vz/F (L/kg) 14.62 ± 6.09 7.16 ± 2.46*
AUC(0–24) (ng·h/mL) 284.50 ± 50.04 618.45 ± 145.46**

AUC(0-∞) (ng·h/mL) 288.99 ± 51.78 620.47 ± 148.59**

Notes: *indicate a significant difference compared with the blank group, P < 0.05; 
**indicate a significant difference compared with the model group, P < 0.01.

Table 6 Pharmacokinetic Parameters of NORK in ESK 
Group and DEX+ESK Group After Intramuscular 
Injection of 1.0 mg/kg ESK (n = 6, Mean ± SD)

Parameters ESK Group DEX+ESK Group

Cmax (ng/mL) 207.94 ± 53.66 181.43 ± 27.56
Tmax (h) 0.46 ± 0.10 0.75 ± 0.27

t1/2 (h) 2.50 ± 0.63 2.96 ± 1.28

CLz/F (L/h/kg) 3.20 ± 0.43 2.28 ± 0.52*
Vz/F (L/kg) 11.58 ± 3.39 9.60 ± 3.82

AUC(0–24t) (ng·h/mL) 311.07 ± 42.60 451.89 ± 80.67*

AUC(0-∞) (ng·h/mL) 317.24 ± 43.60 454.19 ± 81.93*

Note: *indicate a significant difference compared with the ESK group, P < 0.05.
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Discussion
Method Development
Before establishing the methodology, the physicochemical properties of ESK and NORK were first determined, including 
polarity, stability pKa, molecular weight, fragment ions, etc. Based on the polarity of ESK and NORK, a reverse phase 
chromatography column was selected to separate the test substance, Shimadzu VP-ODS C18 was considered a suitable 
chromatographic column for testing the retention time, peak shape, and resolution of different fixed relative target 
substances, as well as evaluating column efficiency (theoretical plate number) and column pressure. The mobile phase 
adopted a system of methanol (60%) and 0.1% formic acid aqueous solution (40%),21 and formic acid was added to improve 
peak shape and ionization efficiency. Under the condition of isocratic mobile phase, the chromatographic peaks were good. 
The choice of flow rate directly affects the sensitivity and accuracy of detection. Excessive flow rate can lead to a decrease 
in ionization efficiency and affect detection sensitivity; if the flow rate is too slow, it may lead to enhanced matrix effects 
and affect the accuracy of detection. Low flow rate not only improves separation efficiency but also enhances the sensitivity 
and accuracy of mass spectrometry detection. Therefore, the flow rate for this study was 0.3 mL/min.

Proadifen (SFK-525A) was a recommended IS for determination of poisons (drugs) in blood and urine by liquid 
chromatography mass spectrometry (SF/T 0175–2024).22 Under the experimental conditions, the peak shape of IS was 
good, with peak appearing after ESK and NORK without interfering with each other. Therefore, proadifen (SFK-525A) 
was used as IS.

The method of precipitation of plasma proteins is a commonly used pre-treatment method for plasma samples, which 
has the advantages of being simple, fast, and environmentally friendly.23,24 This simplified the sample pre-treatment 
procedure to save time and cost without affecting the LLOQ.23 Therefore, in this study the plasma sample was pretreated 
using acetonitrile precipitation of plasma proteins, and matrix interference was removed to improve ionization efficiency.

DDIs
The use of combination drugs among patients is increasing due to effectiveness compared to monotherapies.25 DDIs 
occur when multiple medications are co-administered, and DDIs are associated with increased or decreased adverse 
effects and increased or decreased therapeutic effects.26,27 When drugs alter the absorption, transport, distribution, 
metabolism, or excretion of co administered drugs, pharmacokinetic DDIs occur. The occurrence of pharmacokinetic 
DDIs may lead to an increase or decrease in drug concentration, which significantly affects the efficacy and safety of the 
drug in patients.28

DEX is a highly selective α2 adrenergic receptor agonist with sedative, analgesic, anxiolytic, and sympatholytic 
properties, DEX may play a promising and beneficial role in the treatment of cardiovascular disease.7 However, DDIs 
related to dexmedetomidine also occur. In terms of pharmacodynamics, drugs used in combination with dexmedetomi
dine have more frequent occurrences of bradycardia than expected, including Lactated Ringer’s solution, bupivacaine, 
and risperidone.29 In children who underwent tonsillectomy and/or adenoidectomy and were anesthetized with sevo
flurane, intranasal DEX-ESK pre administration was more effective in reducing delirium, improving sedative effects, 
shortening the onset time, and increasing parental satisfaction without significant adverse reactions.14 In terms of 
pharmacokinetics, DEX can inhibit the metabolism of valdecoxib in beagles and increase the exposure of valdecoxib, 
but it does not affect the pharmacokinetics of parecoxib.30 DEX could inhibit the metabolism of dezocine and 
midazolam, increase the exposure of dezocine and midazolam in beagle dogs.31 DEX can inhibit CYP 3A4 and may 
produce sufficient liver concentration to interfere with the metabolism of tacrolimus.32

In this study, after the combination of ESK and DEX, the Cmax and AUC of ESK significantly increased, while VZ 
and CL decreased, indicating a slowdown in ESK metabolism and an increase in ESK exposure. The active metabolite 
NORK of ESK showed a slight decrease in Cmax, while AUC significantly increased, VZ and CL both decreased, 
indicating a slowdown in NORK metabolism and an increase in NORK exposure.

CYP enzymes dominate the metabolism of numerous endogenous and xenobiotic substances. ESK is metabolized in 
the liver through CYP2B6, CYP3A4, and CYP2C9 isoforms as its main active metabolite NORK,16 and NORK is further 
metabolized to five diastereomeric hydroxynorketamines by hydroxylation of the cyclohexyl ring.33 Due to the inhibitor 

https://doi.org/10.2147/DDDT.S553389                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 8598

Zhou et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



of CYP3A4 by DEX, which is also a strong inhibitor of canine liver microsomes,19,32 DEX not only affects the 
metabolism of ESK but also affects the metabolism of NORK, resulting in an increase in plasma exposure of ESK 
and an increase in exposure of NORK. Therefore, the pharmacological effects of ESK and NORK are also enhanced.

Due to its effectiveness compared to monotherapy, the use of combination drugs in patients is increasing. However, 
healthcare providers should continue to pay attention to potential risks related to patient safety caused by DDIs when 
using combination drugs.25

Conclusion
A novel HPLC-MS/MS method was developed and validated and successfully applied to simultaneously quantify ESK 
and NORK in beagle dog plasma. The pharmacokinetic DDI results indicate that DEX could inhibit the metabolism of 
ESK, alter pharmacokinetic characteristics of ESK and its metabolite NORK, and significantly increase the systemic 
exposure of both ESK and NORK.
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